ABSTRACT
Introduction
The total radiation collected on the horizontal surface is composed of diffuse and direct radiations. Total direct solar radiation measurement on the horizontal surface has been carried out by researchers for many years. However, the measurement of horizontal solar diffuse radiation is rarely performed or there are not enough examples in the literature. Diffuse radiation is generally determined by various calculation models in the literature. Those models are mainly based on the value of the clarity index. There are valuable studies giving diffuse radiation for different places in the literature according to the value of the clarity index. These empirical formulas are based on the relationship between the diffuse radiation ratio and the clarity index. The relationship between diffuse radiation rate and clarity index was first described by Liu and Jordan [1] . Researchers have derived a first-order linear model that can predict diffuse radiation with a statistical study for 98 different areas of latitude with long-term diffuse and total radiation measurements [1] . Bugler et al. [2] derived a model for estimating horizontal solar diffuse radiation from the interaction of the clarity index and the diffuse radiation ratio according to the solar heights for the 5-year data of the horizontal surfaces in Melbourne (Australia). Orgill and Hollands [3] used a 4-year diffuse radiation and total radiation measurement data for locations between the latitudes 43 and 53 in Toronto (Canada) to derive a model that can predict diffuse radiation according to the clear index at different boundary conditions. Davies et al. [4] compared 12 different computational models, which can calculate the horizontal solar radiation components, with the measurement data of 7 countries. The researchers analyzed the performance of total, diffuse, and direct solar radiation estimation models with a total of 15 stations as four stations in Australia, four in Europe, three in Canada and four stations in America. Reindl et al. [5] studied 22000 hours of data obtained from 5 different locations in the North American region for diffuse radiation rate, clarity index, solar height, temperature and relative humidity. Researchers found that as the variable number of the measurement data of the estimated location of the diffuse solar radiation increases, the error parameters will eventually be decreased. Stone et al. [6] stated that t-statistic is an important parameter in the evaluation of solar radiation models and the use of the mean absolute error squared and the mean absolute errors separately would cause an incorrect selection. They also stated that the t-statistic has the advantage of allowing the person who tested the computational model to determine whether the estimates were correct or not and that it is statistically significant at a certain confidence level. Chandrasekaran and Kumar [7] proposed a local model for estimating diffuse radiation using the relationship between diffuse radiation ratio and clarity index with the 5-year horizontal total and diffuse radiation measurements collected in Madras (India). When they compared the proposed local model with the models in the literature in statistical terms, it was stated that the modeling of tropical data would minimize the estimation errors. Boland et al. [8] included the solar clock in the relationship between the clarity index and the diffuse radiation rate to estimate horizontal solar diffuse radiation. They concluded that the proposed model for Australia should be improved for any location outside of Australia. Using the total and diffuse radiation data for places in the northern Mediterranean subregion, Miguel et al. [9] developed a local diffuse radiation model and compared this model with other models in the literature. As a result, they suggested that the best model between the models for each latitude varies with the proposed correlation for locations in the northern Mediterranean sub-region. Ulgen et al. [10] developed two models that calculate diffuse radiation using 5-year radiation data obtained from Izmir (Turkey) region. They stated that the developed models have good predictive ability for the climatic conditions similar to İzmir. In another study, horizontal solar diffuse radiation and the average monthly value of total radiation days were measured by El-Sebaii et al. [11] and the insolation hours were also analyzed for the four regions reflecting the northern and southern weather conditions in Egypt. The researchers suggested some models based on diffuse radiation, clarity index and insolation hours and examined these models statistically. The researchers have determined that all three models can be used with long-term measurements and with different correlations for diffuse radiation estimates. Karatasou et al. [12] examined the relationship between diffuse radiation rate and clear index for Athens (Greece). Similar to the studies in the literature, they modeled the existing data and compared these models with the models in the literature. Paliatsos et al. [13] used linear and quadratic modeling to calculate the diffuse radiation for the seasons and the whole year using the 10-year diffuse radiation ratio and clarity index data for Athens (Greece). Soares et al. [14] determined the horizontal solar diffuse radiation calculation by the neural network prediction technique using the four-year horizontal total solar diffuse radiation data collected from the city of Sao Paulo in Brazil. They compared the diffuse radiation measurements of 2002 with the neural network estimation technique and determined that neural network performance is improved by long-term data. In addition, this model was compared to another model in the literature for the city of Sao Paulo. Jin et al. [15] developed a model for horizontal solar diffuse radiation using horizontal total and diffuse radiation data from 78 meteorological stations across the country of China with reference to the Liu Jordan method. At the end of the study, the researchers determined that solar radiation was much more in Western and northern China. Notton et al. [16] proposed a model in which the changes in the measurement data of diffuse solar radiation according to the total solar radiation are taken into account using horizontal solar diffuse radiation data measured for Ajaccio in the Mediterranean region of France. Jacovides et al. [17] performed a local modeling using 4-year clarity index and diffuse radiation rate data for Athalassa (Cyprus). The researchers compared 10 modeling in the literature with their modeling and examined the errors in statistical terms. Boland et al. [18] compared horizontal solar diffuse radiation forecasting models developed for Europe with the model produced by local data. They found that models in the literature for Australia were insufficient to predict horizontal solar diffuse radiation. Robaa [19] compared their produced model statistically with the 14-year solar irradiation data in Egypt which is based on the Robaa model, the Angstrom Prescott model for estimating horizontal solar diffuse radiation based on the relationship between sunshine duration and horizontal solar radiation, and 8 horizontal solar diffuse radiation models in the literature and they found that the best model was the model they created. Jiang et al. [20] proposed 9 models that predict diffuse radiation with the clarity index and sunshine duration using the data obtained from the 10-year weather station in Beijing (China), such as daylight, diffuse solar irradiation and the duration of the sunlight and analyzed these models statistically. Bakirci [21] developed correlations with Ashrae clear sky calculations giving the average open sky hour total solar radiation for Erzurum. The researcher used the average error, RMSE and t-statistics methods to examine the performance of the correlations developed. Janjai et al. [22] proposed four separate models based on the relationship between 12-year diffuse radiation rate and clarity index for 4 latitudes in Thailand. Local models were found to be better in terms of performance compared to other models in the literature. Ridley et al. [23] developed a more comprehensive modeling for Australia, which varied from the clarity index ranges. The researchers found that this model showed a better performance compared to the other models in the literature for Australia. Torres et al. [24] compared 17 different models predicting hourly diffuse radiation with each other and found that the closest trend with experimental data could be provided by only 2 models. Dervishi and Mahdavi [25] compared 8 models predicting the diffuse radiation rate with data from the measurement database for Vienna (Austria) and identified 3 models with the best performance. They also found that changing the coefficients of the models to represent Vienna, improves the estimation performance. Kuo et al. [26] examined 4 models with 5 predictive variables, including hourly clarity index, solar height, real sun time, daily clarity index and total solar radiation in Taiwan, and compared these models with the literature. Muneer et al. [27] proposed a horizontal solar diffuse radiation model based on the relationship between diffuse radiation rate and clarity index taken from NASA solar radiation measurements for 10 locations in the UK between 50° and 59° latitudes and compared this model with 11 models in the literature. Behar et al. [28] tested 22 solar radiation models in which instant direct radiation and total radiation could be determined anywhere in the world. The researchers evaluated the long and short term performance of classified solar radiation models. In this traditional analysis, they did the validation study on the basis of absolute relative error and mean absolute error squared without considering the characteristic of linearity and modeling. Muneer et al. [29] proposed 14 diffuse radiation models based on the relationship between diffuse radiation rate and clarity index taken from the NASA measurement data for 14 locations between 13° and 59° latitudes. Kotti et al. [30] compared 4 diffusive radiation correction models to eliminate diffuse radiation calculation errors affecting direct radiation calculation. Li et al. [31] evaluated the change in solar radiation components using statistical parameters by using direct, diffuse and total solar radiation measurement data obtained from Hong Kong between 2008 and 2012.
In this study, local models have been formed by using the relationship between horizontal solar diffuse radiation ratio and clarity index data obtained from solar radiation measurement system with solar tracking system in the Department of Mechanical Engineering, Şanlıurfa Harran University between 2009 and 2016. The reliability of the local models using the 8-year measurement data of the station was evaluated with statistical parameters and compared with the diffuse radiation models used in the literature. In the analyzes, it was determined that the models produced with local data gave better results than the models in the literature. As a result, instead of the models proposed in the literature, it was determined that the use of the models proposed in the study would yield more accurate results for the estimation of diffuse solar radiation for the city of Şanlıurfa. In addition, it was desired to obtain a more sensitive result than the other studies in this study. For this reason, in the light of the models in the literature, a composition was formed with the k t clarity index limitations. Here, in order to get closer to k t = 1, limitations that were closer to k t = 0.9, which were closer than k t =0 were preferred.
Model Development
In this study, obtained hourly horizontal total solar radiation and horizontal diffuse solar radiation data from the solar radiation measurement system with solar tracking system which is located in the Department of Mechanical Engineering, Şanlıurfa Harran University (Latitude 37° 9'N, Longitude, 38° 27'E, Altitude: 555 m, Figure 1) for 8 years (2009-2016) were used. Figure 2 shows the solar radiation measurement system with solar tracking system. The devices used in the solar radiation measurement system with the sun tracking system given in Figure 2 and their characteristics are given in Table 1 . Several models have been used in the literature using the hourly clarity index k t (Equation 1), which is the main parameter in the calculation of diffuse radiation coming into the horizontal surface and the ratio of total hourly total radiation on the horizontal surface (I global ) and the total hourly nonatmospheric solar radiation (I 0 ). In the calculation models which use the local measurement data, the ratio of the hourly diffuse radiation on the horizontal surface(I d ) to the total hourly radiation on the horizontal surface(I global ) gives the diffusive radiation ratio (d) (Equation 2).
(1)
The station where the measurements were taken and studies were carried out between 2009 and 2016 are shown in Figure 3 . The solar radiation measuring device shown in Figure 2 takes measurements at intervals of 10 minutes for 24 hours a day for 365 days and gives the total value for the solar radiation components per hour. According to the solar height and the angle of rising, the inclination of the pyrheliometer device for the direct radiation measurements varies in 365 days and the inclination varies from the direction where the sun rises to the direction where the sun sets in a day. Since there is a small amount of moonlight, the measurements are close to zero However, the data required for the analysis are carried out according to the sunrise and sunset angles. In the study, direct radiation measurements were not used with a solar radiation measurement tracking device. Model 1 was developed in Figure 3 , consisting of 27259 raw data, with the device was located according to sunrise and sunset, which is based on 8 years, 365-day, hourly global and diffuse radiation measurement data according to the total day length.
Since the measurement will be made according to the open day (it is the day when the direct radiation is at the maximum level in the sunbathing times during the day) method, it is necessary to eliminate the closed day (the days when the air is cloudy, ie the diffuse radiation is maximum) data firstly. However, because of the 4 seasons in Turkey, Sanliurfa province has sun even on closed days. To extract open day data from all measurement data a residual classification was made. To classify residual data using the Minitab program, the difference between the scattered radiation ratio corresponding to the clarity index and the value that should be corresponded was taken. For Model 2, no clarity index restrictions have been made. However, it has been reported in the literature that more precise calculations can be made using kt clarity index limitations. Therefore, for the data using Model 2 given in Figure 5 , the Model 3 was developed according to the kt clarity index limitations. However, in the literature, these limitations were classified as 0.60 and after 0.80 or as k t <0.2, 0<k t <0.2. On the other hand, this study was intended to achieve a more precise result. For this reason, a composition was created in the light of the modelings in the literature with the limitations of the k t clarity index. Here, in order to get closer to k t =0, greater than zero limitation was preferred and k t = 0.9 limitation which is closer to k t =1 was preferred. For the same data given in Figure 5 , Model 3 is developed according to the k t clarity index limitations.
Based on the relationship between the clarity index and the diffuse radiation rate in the literature, the solar tracking system based models which are purposed by several researchers (Liu [18] and Ridley et al. [23] ) and the models 1, 2 and 3 which are developed by using the sun-tracking system based on the 8-year clarity index and diffuse radiate on rate data of the solar radiation meter ( Figure 2 ) were evaluated with statistical parameters. Hawlader [33] , Chandrasekaran and Kumar [7] , Boland et al. [8] , Miguel et al. [9] , Karatasou et al. [12] , Soares et al. [14] , Jin et al. [15] , Jacovides et al. [17] , Boland et al. [18] and Ridley et al. [23] ) which were produced using the relationship between diffuse radiation ratio and clarity index is shown in Table 2 . 
Assessment of The Model Performance
There are many known statistical methods to compare the models used in the literature. In this study, the performance of solar radiation models was determined by using the statistical parameters [5, 21, 26] such as mean deviation error (MAE), mean absolute error percentage (MAPE %), mean error squares root (RMSE), t-test method (t-stat) and Bayes theory (BIC).
Mean deviation error (MAE) gives information about the long-term value of the correlation. The lower value is desirable and the ideal value is the closest to zero. MAE is calculated by the following equation:
The mean absolute error percentage (MAPE %) is calculated as the absolute average value of the difference between the predicted model estimates and the measured value as follows:
The mean error squares root (RMSE) is used by calculating the error rate between the measured values and the model estimates as follows and the RMSE value to be zero indicates that the proposed model is excellent.
The t-test method, which is calculated as follows, is a statistical analysis method that allows the comparison of the averages of the two data to decide whether the difference is random or statistically significant.
[ ] ⁄
Bayesian theory (BIC) enables the evaluation of intuitive information with concrete implications. The BIC tries to cope with the prior probability, claiming that the preliminary probability can take any value between 0 and 1 without any evidence.
When the performance of the models under the guidance of these statistical parameters is examined, it is seen that the Model 3, which is produced by the local parameters, performs better than the Bugler et al. [2] , Jin et al. [15] , Ridley et al. [23] down from the level of confidence. For this purpose, the Model 3 has been developed and it was successful in terms of all statistical evaluations. In this study, the values of the statistical parameters obtained for the models produced in the literature and locally produced models are given in Table 3 . 
Conclusions
Since the 1900s, in the literature, empirical formulas have been produced for the calculation of horizontal solar diffuse radiation based on the relationship between diffuse radiation ratio and clarity index obtained from the stations of diffuse radiation measurement. However, as it is known that these empirical formulas in the literature are produced with the data of the studied region, the results of these models will not be the same in the radiation estimates of a different region. In addition, as shown in this study, horizontal solar diffuse radiation models in the literature have been proposed to update the previously proposed local models by suggesting new models in which varying radiation data are also taken into account in order to propose an accurate estimation model. According to the clarity index constraints obtained with diffuse radiation data for Şanlıurfa, Model 3 shows better performance than Model 2 where there is no restriction of the Model 3 clarity index. Apart from the fact that both models are not suitable for t crit , Model 2 provides better results than many models for MAE, MAPE %, RMSE and BIC statistical errors. It is thought that better results can be obtained with the improvements on the models. As a result, it was determined that the models produced with local data gave better results than the models in the literature. In this context, instead of the models proposed in the literature, it was determined that the use of the models proposed in the study would yield more accurate results for the estimation of diffuse solar radiation in the region.
